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ABSTRACT 

The isomeric pyrazolines, 3-methyl-4-methylene-1l- 
pyrazoline (I) and 4-ethylidene-l-pyrazoline (II), have 
been synthesized and characterized. The thermolysis of I 
at 1/5° gave 79-58% of 2-methylmethylenecyclopropanes (IIT) 
and 2024250 Of tethy idenecvelopropane’ (IV) . Oo Thermolysiseof 
wet o caver hie ane iney elds Obl C0r6 Studnde 1043534 
ahe date Neve’ been coprected’ for. the interconversion of III 
ano Vy Under he Tierney sasvecondi tions .C 'rromithesproduct 
ratios it is demonstrated that the mechanism does not in- 
volve solely a planar, nor an orthogonal trimethylenemethane 
intermediate. It appears that there is no single mechanism 


in the product formation from 4-methylene-l-pvyrazolines. 
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HISTORICAL 
(A) Trimethylenemethane 

Trimethylenemethane (TMM) has proved to be of con- 
siderable theoretical, synthetic (1), and mechanistic interest. 

Early HMO calculations (2a,b) showed TMM to be a 
Opeacdtcawet ne chester puct state with a Large delocalization 
energy and very reactive termini. 

However, recent MINDO/2 calculations of Dewar and 
Wasson) (3) have shown that» both triplet and singlet states 


are possible for TMM. 
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MINDO/2 calculations of AHe were carried out on a closed 

shell singlet structure Sor eet (Ti), and open shell 
singlet (Si), which has two unpaired electrons of opposite 
Spit ecOuediptorent ang lec CO) MOL twist) Of Chestermind lyour 
ClLecOplanerityvaewten the, obhners. §(6 = 05 for 1, 0 = DO saeco 2). 
The results are shown in Figure l. 


The diagram shows that triplet TMM is the most 


stable structure and that the planar geometry is most fav- 
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(Dewar, 3). 
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ourable. In the perpendicular form, however, S3 TSenot 
much less stable, although the planar form is clearly un- 
favourable. The authors conclude, that a process which leads 
to the singlet electronic configuration will produce an open 
shell ground state singlet of the orthogonal form 2. 

These results have been confirmed by experiment. 
In a recent esr study by Dowd (4) the TMM diradical signal 
was detected when 4-methylene-l-pyrazoline (3) was photolyzed 


ate 652 (4b). A much, stronger and cleaner signal was ob-~ 


tained by photolysis of 3-methylenecyclobutanone (4) (4c,d). 


N==—WN 
3 4 


In the pyrolysis of 4-methylene-l-pyrazoline (3) 
Crawford and Cameron (5) concluded that TMM was formed on the 
basis of the equivalence of termini from deuterium labelling 
experiments. 

me Geswilts OL Dowd and Crawford have also been 
accounted for by the theoretical calculations of Borden (6), 
who also concluded that singlet TMM will likely ring close 
much faster than perform intersystem crossing to triplet TMM. 

Doerr ana Skellie (7 )e found a whagh yield ine 
dimethylenecyclohexane and isobutene in the gas phase reaction 


of 2-iodomethyl-3-iodopropene. This could be readily explained 
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by assuming a triplet TMM intermediate, which dimerizes to 
give 1,4-dimethylenecyclohexane and also abstracts hydrogen 
to give isobutene. A singlet intermediate should mainly 
yield methylenecyclopropane through ring closure of which 
Veryelitcleswas ound in okell's work: 

The photolysis of some 4-alkylidene-l-pyrazolines 


(5a,b) was investigated by Andrews and Day (8). 


H Xx H 4 
—_—— + 
SSN 
2a X=Cl & 7 
Sb X = OOCEt ~ 


Their results are given in Table I. 

In the photosensitized photolysis triplet TMM is 
formed, and gives product distributions close to the stat- 
heLicaiwecatto of lr2y probably moditied by stericeand elec- 
tronic effects. 

The triplet TMM could not be detected in control 
experiments of the direct photolysis. It was proposed that 
Singlet TMM is formed, which can either cyclize to 6 or rotate 


to the orthogonal geometry and then cyclize to 7. These 
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Table I 


Photolysis of 4-Alkylidene-l-pyrazolines (5a,5b) 


i 


Relative yields, % 


6 i 
Direct Photolysis 
pita he tte ale a le a 
5a 1) 25 
Jie 64 36 
can es ac ne a ees se ee SE a ee ae ee 
Photosensitized Photolysis 
aaa ae ee a ile er lene SE aa se eee 
5a 2D iS 


5b 18 82 





results have been confirmed by Sanjiki et al. in a very 
Similar study (9). 
Gajewski (10) observed analogous results. When 


4-methylene-l-pyrazoline (3) was photolyzed directly, only 


af pk 


A 
i ak = 
3 ae 
~  PhH 
9 
methylenecyclopropane was produced. But when photosensitized 


by benzene, 1, 1-dimethylenecyclohexane (9) was also produced. 
The author proposes a singlet TMM intermediate for the Gqirect 
photolysis, and singlet and triplet TMM for the photosensit- 
ized photolysis, with possibly singlet 3 intersystem crossing 


COmt cole t. os 


(B) TMM as an Intermediate in-Thermolytic Rearrangements. 
in 1960 Uliman (il) found that. optically actave 
trans Feist's ester (10) rearranged with retention of con- 


figuration in the mixture of products. This indicated that 
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an achiral intermediate cannot be involved. 


CH,OOC CH,OOC CH,OOC 
ACH0OC gf # 
—__—__— % A 
CH,OOC 
CH,OOC 
10 


In a further.study (lla) it was found that geo- 
MetEic Lsomerizatron Was not Conrtined, to Fests ester, but 
eleon took Dlece 1m Ene analogous methylenecyciopropaneacetate, 
WiLCh eiter equilibration at 250° resulted in a 11:12 ratio 
of 42:58. The mechanisms were explained by a zwitterion 


intermediate. 


ee ae a CH,OOCCH co 


CH,OOCCH; 


x 12 


Chesick (12) "investigated the thermal interconversion 
of methylmethylenecyclopropane (13) and ethylidenecyclo- 
propane (14) and concluded that the equilibration was achieved 


through an orthogonal TMM intermediate 15. 
In an extension of Ullman's study, Gajewski (13) 
investigated the rearrangement of optically active trans- 


2,3-dimethylmethylenecyclopropane, Scheme I. After ther - 
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rac-18 and -19 
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17, rac-16,-20 and -21 
Scheme I 
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molysis products 16, 20 and 21 were found with predominant 
Peesemvarloneoucoitality. Tomaccount for the geometrical 
isomerization and predominant retention of COptrcalmactivity, 
two chiral orthogonal TMM intermediates were invoked. How- 
ever, a little racemization was found in lo, 20 and 21. 

This led Grajewski to assume that an achiral planar TMM 

Was LOrmecetrom tie orthogonal one by a 90° rotation. 

Doering (14), on the basis of Ulliman's and Gajewski's 
studies, suggested a pivot mechanism in which one of 
PMeCREeCriit Ore IN IOnsOpening OL the ring rotates 90°. Thus 
emplaverealivitc radical ts formed with a free radical 
attached to the center atom in a perpendicular and non- 
bonding arrangement. On examination of a number of compounds 
he decided that the pivot atom is the one which carries the 
better radical stabilazing groups. While this is not always 
true, as can be seen from Chesick’s work, other studies with 
Strongly radteaiactabiiazing groups confirm Doering'’s hyp- 
Othesis, esq. the study by Hendrick), Hardie™and Jones (15) 
on the thermolysis of the monophenylalkenylidenecyclopropane 
(25) at 310° in the gas phase, and the diphenylalkenylidene- 
cyclopropane (26) auc! An Carbon tetrachloride. | Tne only 
products found had the phenyl substituents on the cyclopropane 
Ling we oe S Dest een aimec) by the productronso: sthe sires 


Den Vleet le (27). 
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Analogous results were obtained by Gilbert and Butler 


(16) in thermolysis of 2,2-diphenyl-1-(dideuteriomethylene) - 


cyclopropane. 
A a 

D, 
=. 5 e/a ; /\ 
Ar, 

Ar, 
Ar. 

oy 7 2 0% 

Ar=CoH. 


Numerous other thermal rearrangements have been 
carried out and the intermediacy of TMM has Leen established. 

ClaAlGcii Ctsdl. ti) PeLnvyestigd tedutiewoyrolyvess son 
1-(2-methylpropenylidene) -2,2,3-trimethylcyclopropane in a 
Flow system and found three isomeric hydrocarbon products, 
which can be explained by assuming three different ortho- 


gonai TMM intermediates. 
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In another study (17a) 2 3 wee 2, Sy eexanietny 1 — 
biscyclopropylidene was rearranged at 400° in a flow system 
to yield two methylenespiropentane products. The product 
distribution reflects we stabilization of the diradica 1 
intermediate and the relief of non-bonded interaction between 


the four methyl groups on the cyclopropane naivate iy 
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The thermolysis of cis and trans-tetramethyl- 
biscyclopropylidene by Dolbier et al. (Uo)iersealsco.ascood 


example of different TMM intermediates. 


CH; ? cH 





CH; CH, = 
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Product 28 was produced in large excess over 29. This 
agrees with the most stabilized free radical terminal being 
the pivot group which gives product 28 from both ets and 
trans starting material. A planar TMM intermediate would 
Betner, ring close to product 29, Since a primary radical 


site is more reactive than a tertiary site. 


(C) TMM as Intermediate in Thermolysis of 4-Methylene-1- 
pyrazolines. 

Pyrolysis of 4-methylene-l-pyrazoline (3) has been 
carried out by Crawford and Cameron (5, 19). As mentioned 
before, a singlet TMM intermediate was produced. 

In order to investigate the mechanism of this 


thermolysis senes4 met hy leone=lspyrazoline—3, 3-d_ .(30)\cand 


2 


A-mechy lene lay azOlines3, 36% O0-d ~-(31) were prepared cand 


4 
Enemmoly Zee On LC MDLOUUGLS Bo 2eand 33, and 34 sand 35,2 in 


relative yields as in Table II 
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Table II 


Thermolysis of Deuterated 4-Methylene-1l-pyrazolines (S0R 17) 








Starting Material Relative Yields, % 
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In the case of a planar TMM intermediate which would 
Guvemtenemeea riot eadlmdtsts EbDUCLOR OL (67:33 LOR producers 
32:33, a Secondary asotope effect could be calculated of 
k kp => /tOmex wet imenenCTEherence «| When sthe same 
Value was applied to correct the statistical distribution in 
the thermolysis of 31 a good fit was obtained with the ob- 
served distribution. This implies that a singlet TMM may be 
thesintermediate an these thermolyses. 

Tokunaga (20) investigated the thermolysis of two 
isomeric dimethyl substituted 4-methylene-l-pyrazolines (36) 
and (37) and ‘obtained the indicated product distribution. 
The mechanism of this thermolysis could not be explained 
through a planar TMM intermediate, but fits the mechanism 


ClLeonleOGeAeoOnalsiMM, sochemes 1. 
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Promsthiseschememiturerapparent, that in@the thermolysisvof 
36 the ratio of 38:39 should be increased relative to the 
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OBJECTIVE 

The thermolysis of 4-methylene-l-pyrazoline (3) 
implies a planar TMM intermediate (5,19). On- the other 
hand thermolysis of 3,3-dimethy1l—-4-methylene-l-pyrazoline 
(36) or 4-isopropylidene-l-pyrazoline (37) is best discussed 
in terms of an orthogonal TMM intermediate (20). These 
results cannot easily be reconciled, unless the substituents 
on TMM through their steric and electronic effects influence 
the otherwise non-substituted planar TMM to assume an ortho- 
gonal structure. 

lt is therefore interesting to examine the prod- 
ucts of another isomeric pair of 4-methylene-l-pyrazolines, 
NesctoOlyeautelr that would exhibit less steric and electronic 
changes than the dimethyl substituted pair of 36 and 37. 
If the mechanism follows one of the earlier patterns then 
possibly some more general mechanistic trends can be as- 
certained. 

The pair selected therefore was 3-methyl—-4-methylene- 


l-pyrazoline and 4-ethylidene-l-pyrazoline. 
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RESULTS 
(A) Synthesis 
3-Methy1-4-methylene-1l-pyrazoline (40) was pre- 
pared from the addition of diazoethane to allene (19). 


Thesn. Mets spectrum 1s shown in Figure: 2. 


CH3CHN, Ss CH,==C==CHy .- ~ N 








40 


ww 


The compound 40 can be stored for more than four months at 


—20., 700, lere at room temperature 1t tautomernizes toe the 


two possible tautomeric 4-methylene-2-pyrazolines in a matter 





of days. 
Hy arr a 
iN N———--- N=-H H-N N 


4—-Ethylidene-l-pyrazoline (41) was obtained by mercuric 


OXide oxidation of the corresponding pyrazolidine (42), 
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which in turn was obtained through a sequence of synthetic 


steps. The n.m.n. spectrum is shown in Figure 3. 
A Diels-Alder adduct was formed from anthracene 


and crotonaldehyde in an autoclave at 200° (21). 
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In the next step formylation and a crossed-Cannizarro 
reaction were carried out at the same time by refluxing the 
Diels-Alder adduct with a three-fold excess of formaldehyde 


and potassium hydroxide. 
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This was followed by a retro Diels-Alder reaction to produce 
the diol 43 which contains the basic hydrocarbon skeleton 
of the pyrazoline 41 22) 5 

Conversion Of sthe diol 43 “with "phosphorus “tri= 
bromide to the dibromide gave a low yield, since polymer- 
Peabion cCecurrea ecasily. [ne -dibromide, avery =strong@lach— 
rymator, was then allowed to react with the dianion of 


diethyl-hydrazodicarboxylate (DEHD) to form the cyclic 


compound 44. Both the bromide and 44 were purified only once 


~~~ 


4) — AL — 
OH OH Br r Osco a N—co,Ft 


44 
lod 


for analysis, but were otherwise used in a concentrated solu- 


tion. A possible impurity could have been the isomeric 


Br Br 
AS 


dibromide 45, but this was not detected during any of the 
Ssynuheces. 

The cyclic 1,2-dicarbethoxy-4-ethylidenepyrazolidine 
(44) was then hydrolyzed with potassium hydroxide in ethylene 


Glycol. by Neating itvat [20° "overnight. Themprocedure wes 


essentially that of Crawitord and Al-Sader (23). Since the 
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pyrazolidine 42 is very soluble in water, a simple extraction 
with ether could not be carried out. Therefore the solution 
was distilled at reduced pressure until only solid potassium 
carbonate remained. Hydrochloric acid was then added to the 
distillate to produce the solid 4- ethylidenepyrazolidine 
hydrochloride and the remaining solution was evaporated off 


at reduced pressure (24). 








Pe echeOilsoL the pyrazolidine hydrochloride was obtained, 
probably as a consequence of some contaminating ethylene 
glycol. Continuous extraction with ether did not remove all 
Oietiewe thy lene lg ycolvand) the product,.was not surther pura: 
fied. The pyrazolidine hydrochloride was then neutralized 
with potassium hydroxide to produce the pyrazolidine 42, 
which was continuously extracted with ether and was not 
PuUrener purified. This solution was then oxidized by mercuric 
oxide to give 4-ethylidene-l-pyrazoline (41). 
Pyrazoline Veale) is less stable than 40. Left at 

room temperature a considerable amount of tautomerization, 
analogous to 40, takes place in a few hours to the two iso- 


meric 4-ethylidene-2-pyrazolines. However, when 41 was stored 
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at -78° no tautomerization could be detected after one month. 


(B) sThermolyses apc Dnalysas of Products. 
Thermolyses of the pyrazolines 40 and 41 were 
Carried oul in Dreeksedals atvabout 580 torr at three ditferent 
Cemperatiresew OU), el 75 sand 190°. (The temperature of tiie 
Of Lbath wacmcontroltedeto within + 0.02°. The pyrazolines 


were thermolyzed for five different lengths of time at each 


Lenperacure. 
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Since 46 and 47 Slows tlesigconwentas (2) edna tia|. Convers? on 
distribution could thus. be calculated by extrapolation. 
The products were analyzed by gc and the peak areas 
integrated by a Hewlett Packard 3370A electronic integrator. 
Ineaonder pto.calculate.the initial conversion product 


distribution the following formula for first-order kinetics 


was used (25). 

oe ee as 
If the concentration of 46 is equated to I and the formula 
Ls x~earranged, it follows that: 


. fe = 1 = 
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in which 
k' == a hs Leelee CINGrt, al Sela teatime sO 
232i ot A Ge) 
and I, = I at equilibrium. 


I, was calculated by applying the formula (25): 


RlnK = AS - == and 


K = =—— , with AS = -.55 eu, AH = -.5 


[kup 


724kcal/mole 


as reported by Chesick (12). 

Plotting log (I, = qT.) versus time t, lod (I, - I.) 
can be obtained as the intercept at t = O, and thus Ty can 
bemcatcu lated: 

Forseach GE he pyrazolines, 40 and (41,7) at teach 
temperature and length of time, three samples were examined. 
From each sample five gc analyses were made. Generally nine 
product distribution values were used to calculate each point. 
From the nine values the mean and the standard deviation 
were calculated. A sample calculation is shown in Table III 
and Figure 4. For the other individual results see the 
Appendix. The slope and intercept of the line through the 
five time-points at each temperature was calculated by the 
least square method. 

UNEReLVOn 1m thewintercept was calculatedspy. con] 
necting the lower limit of one extreme point to the upper 
limit of the other extreme point and taking the two inter- 


CeplcsuisSeticeiIMi_tLSeOneLne incercepe hound by the least square 
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method. 

The, zero conversion distributions of 46 and 47 are 
given in Table IV. 

AsecCanepe, secn Lrom Table IV, variations of the 


temperature did not greatly affect the product distribution. 


(GC) Control Experiments 

The two products were identified by taking an nmr 
Spectrum of the mixture from thermolysis and analyzing the 
Same mixture on gc. Enough peaks were resolved in the nmr 
spectrum to make assignment possible with the aid of the 
Values reported by Chesick (12). 

The possibility that excited methylenecyclopropanes 
46 and 47 Werte wormed, switch could then equilibrate to. both 
isomers, was examined. Thermolysis of 40 St woe hore cnie 
hour at three different pressures did not result in a sig- 
MveiCanelyedmirerent) product ©ratio (Table Vv): It thus appears 
that thermally excited methylenecyclopropanes were not formed. 

An ms Spectrum (Figure 5) was taken of the total 
Hix LULeewe emo ceCOnvVersiOnm OF 4l. It clearly demonstrates that: 
(a) 41 was mainly converted to the products 46 and ay 
(b) 4] was Slightly tautomerized to the two 4-ethylidene— 

2-pyrazolines. 

(c) no interconversion of 41 to 40 could be detected 
(aj NO cther hydrocarbon products) could be detected. 

Ap equilibration etudy of the products of therm- 


Olysis of 41 was carried out. The product ratio of 46:47 was 
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found to be 40:60, which is similar to the product ratio 


44-56) calculated trom Chesick's data (12). 
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Product Distributions of 46 and 47 Produced from 40 and 41 
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DISCUSSION 

As outlined earlier the purpose of this work is to 
determine the proportions of the isomeric methylenecyclo- 
propanes resulting from the thermolysis of 40 and 41. Com- 
parison of these product proportions with those determined 
earlier from analogous substrates (5,20) may allow us to re- 
concile the mechanistic differences between the two previously 
studied systems. 

In Cameron's work (5,19) it was possible to explain 
the product proportions in terms of a single TMM intermediate 
analogous to the planar species 48. Deechii Sic tneecase .2Or 
40 and 4l, in eminad GLO 46:47 would be the same regardless of 


the reactant used. Table IV clearly demonstrates that such a 


H Vie 
e ° : 
H H 


eS eo a 


single planar species as 48 does not, explain the besults: 

The product proportions from the dimethy1-4-methylene- 
l-pyrazolines have been rationalized as proceeding through two 
intermediates (20). The analogous treatment of 40 and 41 
would suggest that since 41 gives only the intermediate 49 and 
since it closes in the proportions of 8.66:1.00 (A cable) GO 


46 and 47, then the relative amounts of 40 proceeding through 
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49 and 30 may be calculated since 47 Only parises through 49*- 
SUuUCchmamCeal Cuba OnMesltggesusetnat lI ioOE 40 proceeds through 49. 
This is clearly a ridiculous answer and thus the scheme that 
worked so well for the dimethyl-4-methylene-l-pyrazolines can- 
not apply to the monomethyl case, nor to the deuterio compounds. 
Cameron (19) in speculating as to the mechanism of 
the methylenecyclopropane formation has suggested the possible 
intervention of a cyclopropyl radical in the mechanism. Such 
a radical would give with 40 and 41 the products 46 and 47. 


This would predict that 41 would produce only 46 and that 40 


* 
The intermediate 49 may exist in isomeric syn and anti forms, 
but we have assumed that the reactivity of the methylene and 


the ethylidene groups in each form is comparable. 
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would produce a mixture of 46 and 47. The possibility that 
the amount of 46 produced exceeds that of ene is readily ration- 
alized in terms of the greater ease of forming the methylaliyl 
radical Sl than the allyl radical 52, Tt 1s) ObVLouss chatetnius 
mechanism while it most closely approximates the product 
PrOpontions, is not Capable of rationalizing jthe 910755 cf a7, 
produced from 41. 

It appears then that no single mechanistic pathway 
Gan reconcmertne product distribution, and that Lurther ex= 
amples need to be examined in order to ascertain the factors 
COnLrOMingsthesprocicu i OLme crton an thes thermolysis of 4— 


methylene-l-pyrazolines. 
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EXPERIMENTAL 

All boiling points and melting points are un- 
corrected. 

Gas chromatographic analysis of the products were 
carried out on a Perkin Elmer Model 900 gc using a flame 
@ONnt Sacvonscecrector directly connected to a Hewlett Packard 
Model 3370 A electronic integrator and a Hewlett Packard 
Moucia/i2ienesteip chart. recorder. A 150° it. capillary column 
with 0.01 inch inner diameter, wall coated with 8,8'-oxydi- 
propionitrile (ODPN) was used. 

A Cary Model 15 spectrophotometer was used for the 
ultraviolet spectra. 

The exact masses were determined on an A.E.I. MS-9 
mass spectrometer. 

Nuclear magnetic resonance spectra were obtained 
using a Varian A-60 spectrometer and a Varian Model HA-100 
SDeCCeLrCoiecreer. 

Microanalyses were performed by the Microanalytical 
Laboratory of the Department of Chemistry, University of 


Alberta, Edmonton. 
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Oil Bath. The temperature of the oil bath, in which the 
product studies were carried out, was controlled by a Melabs 
proportional temperature controller Model CTC-1A and was 
measured by a Hewlett Packard Model 2801 A quartz thermometer. 
The probe (Serial No. S/N 974-21) was calibrated by the Nat- 
Pond Meeurealwot Standards. At 190° and 175° the value of 

0.02 and at 160° 0.01 was added to the readings as those were 
the linearity corrections at those temperatures. During 

one run the temperature could be held constant within + 0.01°; 
over the five runs at one temperature the temperature did 


NObeVvacyvenoLle stnanets 0,02. 


Thermolyses. For every run three breakseals of ca 10 ml 
volume were filled with 10u1 of neat pyrazoline by vapor 
transfer. The pressure inside the breakseals at the temp- 
erature of the runs was GalieUTateds vos bemicay 230s torr | Atter 
heating the breakseals were quickly quenched in ice-water. 
After the contents of the breakseals were vapor transferred 
to receivers, chloroform (30 wl) was added so as to prevent 


evaporation of the products. 


Product Analysis. Gas chromatographic analyses were performed 
by injecting 0.3 - 0.4 pl of sample into an injection port 


WilCI=idcmemopliat ratio or 70d The 150° Te Capillary ODPN 
columne was) hetd at "0 °““and' the injection pore at 50°. 
The retention times were 5.5 min. for the 2-methyl 


methylenecyclopropane and 7.0 min. for the ethylidene cyclo- 


Sf 


propane. 

For each sample five analysis were performed. If 
after the first peak the pen did not return completely to the 
baseline, the analytical data were rejected. After every five 
analyses the column was heated to remove chloroform, starting 


mavenia ll and sts) tautomers. 


Preparations. Ethyl N-nitroso-N-ethylcarbamate was prepared 
by the method of Hartman and Phillips (26), except that ethyl 
N-ethylcarbamate was substituted for ethyl N-methylcarbamate 
(27). The yield of the pink liquid was 203 g (74%). Bp. 


Omen i foe CLOnr Cl L values 2.5) — Hoss (SO Geos TT 


3-Methyl-4-methylene-l-pyrazoline (40). Diazo- 
ethane was prepared from ethyl N-nitroso-N-ethylcarbamate 
(25g, 0.17 moles) according to the procedure of Wilds and 
Meader (27). The resulting solution of diazoethane in ether 
(ca 400 ml) was divided over four pressure bottles at Oates 
Allene (ca 60 ml) was added to each bottle. The bottles were 
allowed to warm up slowly to room temperature overnight. 
Fxcess allene was allowed to evaporate from the colorless 
solutions. Ether was distilled off at atmospheric pressure 
through a Vigreux column. The residue was then distilled at 
reduced pressure. Bp. 37 - eye WAikh Guepeney | waWew ier ths) cep (0) aac 
Nmr (CDC1.) is shown in Figure 2. The uv spectrum showed 
r = 326 mi (ec = 488, methanol). Exact mass observed 96.0684, 


max 


calculated for CoHeN5 96.0687. 
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DNaleecCalca selon C.HoNQ: 


Found: Cre O2 25 nyo n40;) Nec ono. 


CP RAEI ie a Se a eae 


11-Formyl-12-methyl-9 ,10-dihydro-9,10-ethanoanthracene 
was prepared by the method of Weiss and Rusche.al). eaAntLn 
racene (320 g, 1.8 moles), crotonaldehyde (155 ml, 1265 moles), 
hydroquinone (1 g) and toluene (400 m1) were placed in ai 2 
autoclave and heated to 200 - 210° for 15 hrs. After Coolang 
the mixture was filtered to remove unreacted anthracene. The 
filtrate was then concentrated on a rotary evaporator to re- 
move toluene and unreacted crotonaldehyde. The residue was 
dissolved in ether (1 2) and the precipitated anthracene was 
filtered off. The solution was again concentrated and set 
HO TemCOmCOCIL OL am Onecoolings!(tasolidiiicd .s9v1eld ZOUEG 


(49.3%), Mp. OS eae O0.ar 


11,11-Dihydroxymethy1l-12-methy1-9,10-dihydro-9, 
10-ethanoanthracene. The procedure was essentially Einleh er (ORE 
Weiss and Bensa (22). 11-Formyl1-12-methy1-9,10-dihydro-9, 
10-ethanoanthracene (200 g, 0.807 moles), formaldehyde, 37% 
aqueous solution a2 14 iG aust. CAO Les )s, methanol (500 ml) and 
p-phenylenediamine (0.25 g) were placed ina 2 three-neck 
flask fitted with a mechanical stirrer and a reflux condenser. 
The apparatus was heated to 70 - 80°. Potassium hydroxide 
(47.5 g, 0.85 moles) was slowly added. The mixture was 
stirred for three hours at 70 - 80°. After COOJINGe Cica pre 


cipitate was filtered off, washed with water and then with a 


BE 
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1:1 mixture of water and methanol. The solid was dried 
under vacuum over phosphorus pentoxide. Yield 171 g (75.6%), 
mp. 206 - 207°. Exact mass observed 280.1457, calcd. Ov 
Cy oH 29° 200714035. Nmr (DMSO-d - ) rOn dd (SH), ele oem (LH), 
Wee ee Awconplex mm) (5H, sould be an)7 3. 9°a(1H), 42 es (i) 7, 
Gree Seem SEL). 
Anica LCL LOL Cy po gOn? Se tS A SPE tS ae JE AES) 

Found : Ey ies le Wl 


2-Hydroxymethyl-2-buten-1-ol (43). The procedure 
WASecsentially ahat Of Wess and Benea (22). Mle PO ORY = 
methyl-12-methy1l-9,10-dihydro-9,10-ethanoanthracene (88 Gg, 
(eo loenolesjmwas olaccosinea 100 0mletlask fitted tor dastulia— 
tion. The flask was heated to 280 - 330° for about one hour 
during whuchthe glycol (43) andeanthraceneraustis led Orr. 
The distillate was taken up in ether and the undissolved 
anthracene was filtered off. The filtrate was concentrated 
Onmauzotary evaporator and a further batch of anthracene was 
removed. The residue was distilled at reduced pressure. 
Bou OSe me LOS 7/45 etOrr (Lit -avalue TOG y/o eS CO (Zone. 
Yield 16. i/o (523). Exiaclemlass FOUnC wo sO LO (parent-H,0), 
Calcd weLon C,H, 9057H 0 S40 5/5 ee ae (CDCl) yy Ces ash = 
eg (An ere 4 oc CH), 42 oe). 
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2-Bromomethyl-l-bromo-2-butene. 2-Hydroxymethyl- 
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Sone a i ome Oe MOLeS)T arys pyridine i(27.5¢ml. 

0.34 moles) and 450 ml 1:3 dry hexane-ether mixture were 
Placed winea, J) 2 three-neck flask fittediwith a reflux con- 
denser, nitrogen inlet, dropping funnel and mechanical stirrer. 
The flask was cooled in a dry ice-acetone bath and kept at 
=sUetOm=-25° squYring the addition Of phosphorus, tribromide 
(eee 40 moles) BovernmabOultwrs veunours. The mixture was 
Poem preo.rOrean, addutronals two NOUrSHaLt. —5, , aLten which 
it was poured onto 350 ml iced bicarbonate solution. The 
organic layer was separated and the water layer extracted three 
times with 500 ml hexane. The combined extracts were washed 
with water and dried over magnesium sulfate. The drying agent 
was filtered cff and the solvent was distilled off through a 
Vigreux column. The residue was distilled at reduced pressure. 
BpeO 5 ao fe oe > Orr Yael GsOretne, very yserong tachrymator 


Crm aCe 25.2) smite (GDC) sar Came (3 )e Se OS (a ee Al al) 
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PAC raetasseOund) 220, 5099 9 calcd. for CoH, 
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fon Uiearbethonynydrazine. (13 -2eg; 0 075 moles) ane sUUrind 
1,2-dimethoxyethane (DME) (freshly distilled from lithium 
aluminum hydride) were placed in a 1 & three-neck flask fitted 
with a reflux condenser, nitrogen inlet, magnetic. stirrer and 
a dropping funnel. 57% Sodium hydride suspension (3.37 g, 


0.08 moles sodium hydride) was added in small portions 
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and the mixture was stirred under nitrogen for five hours 

at room temperature. 2-Bromomethyl-1l-bromo-2-butene (16.0 g, 

0-07 moles) in 50 ml dry freshly distilled DME was added 

Slowly, Over a perlodsot four hours. The mixture was stirred 

fOEwo Ventas me OCC UMPC EIOX Ide =(0.0 758 MOLeS,s prepared from 177g 

sodium in 50 ml absolute ethanol) was then added to the mixture, 

which was stirred for another 24 hrs. The mixture a concen- 

trated on a rotary cvaporator, SO that all ethanol and DME 

was removed. The residue was poured onto 1000 ml ice and 

water and extracted with 500 ml ether. The combined extracts 

were dried over magnesium sulfate and the ether was removed on 

the rotary evaporator. The residue was distilled at reduced 

DoCSeU comme mS Om lo 4/0 oOmcOrL.e aviclG Sea. is e7 ¢) 

ExoCctpascse Omics AZ ato o 7, CaolCU. st OL C5 Hy gM, Dae ele Onne 

Nmr (CDCl) TO OC Oo) ee Ce WLC Nee Tem Sp Lou lige \ oll) ay 

Bom LOL cCOm (On aoe oe ieee om bt GieineegratlOnw ata f 

G75 (7.5H instead of 6H) iS most likely caused by contamin— 

ation by the oil of the NaH suspension. 
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caused by contamination with oil. 


4-Ethylidenepyrazolidine hydrochloride. 1, 2=Di- 
carbethoxy-4-ethylidenepyrazolidine (19.0 g, 0.0785 moles), 
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(150 ml), and water (35 ml) were placed in a 500 ml flask 
fitted with a reflux condenser and nitrogen inlet. The 
reaction mixture was stirred and heated at 110 - 120° for 16 
hrs. The mixture was then distilled under reduced pressure 
Until wonly aasolid resiaque was) left (ca 1L00°72 torr). 

The distillate was trapped in a receiver cooled by a dry ice- 
acetonewoatn. = COlduconcentrated snydrochloric acid (8.3 ml, 
OP Ole mwas maAddeOmtOsticw Od stililate angmtene solvent Was re— 
moved under reduced pressure. After almost all of the solvent 
had distilled off, the residue was placed in a vacuum desic-— 
Gators with phosphorus pentoxide. Drying overnight did not 
give a solid and nmr showed ethylene glycol still present. 
The oily product was then dissolved in water and ccntinuously 
extracted with ether for 24 hours. After removing the ether 
ayer, the wacen aver was concentrated under vacuum until no 
MOECewatermGat sti lledwover. —On cooling and) drying the residue 
became a very thick oil. Yield 7.0 g (66.3%). Nmr (D,0) 1 
Bee mint sek eS 4 eee om heme tal SOesnOwed Cao. 5s 


ethylene glycol present. The product was not further purified. 


4-Ethylidenepyrazolidine (42). 4-Ethylidenepyrazol- 
idine hydrochloride (9.0 g, 0.060 moles) was dissolved in 
water (50 ml) °with stirring and was cooled by an ice bath. A 
SoLuti dm Of potassium iivyoroxidews (Gi. 0lg je 0nel2 amOvesjemin water 
(50 ml) was added. The mixture, under nitrogen, was extracted 
continuously with ether for two days. The ether solution was 


tien cried ana concentrated to about 100 ml by distillation 
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through a Vigreux column. The residue was distilled at re- 
duced pressure. The pyrazolidine distills at ca 502255 


€£Orr, and was not further: purified. 


4-Ethylidene-l-pyrazoline. (41). Tinea oO0smlertask 
fitted with a dropping funnel, reflux condenser, igiakiteraleye lave 
intet, and magnetic stirrer, was placed red Meneugic oxide 
(40 g), anhydrous sodium sulfate (40 9g), and dry ether (L00 mi)” 
The slurry was well stirred and cooled in an ice-water bath. 
A solution of the pyrazolidine in ether was added dropwise 
over half an hour and the mixture was stirred at 0° for another 
three hours, after which it was stirred at room temperature 
overnight. The solids were filtered off and the ether of the 
filtrate carefully removed by distillation. The residue was 
distilled at reduced pressure. With the bath not higher than 
60° some pyrazoline distilled over at Ade AS oy OMe Orr sda el 
which the pressure was reduced to 3 torr im Order tO Cransien 
more of the pyrazoline. A redistillation at 3 Lore with ene 


oil bath at 55° gave the pure pyrazoline. Yield Le 2D eee 2 leaiior 


based on 4-ethylidenepyrazolidine hvdrochioride). Exact mass 
Pound 996.0667, Caled. sfor C.HN, 06.0666.) The uy sspectrum 
showed A = 320 mu, (e = 523,methanol). The hmr spectrum 


Max 


in cDcl, Pans towns Lilet wguULe rs. 


Boal. Galcd. 20x Cp HpNo: Cyne6 224 a) Hee oO Nip eon ee 


Found: CrrG2 49 HG 607 Nae 2e03 


Control Experiments. Product identification was obtained by 


—_———— 
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thermolyzing 100 ul of 40 atwel90° for one hour and taking an 
nmr spectrum of the mixture of the products. The same sample 
was analyzed by gc, which indicated a 76:24 product cee cele 
OG 46 and 47. Nmr enowedea lao) 2.75725 eratlo. of the two 1s0- 
meric methylenecyclopropanes 46 and 47, on the basis of two 
resolved peaks of each: 
nmr (CDC13) 46: feeOp eo eel eo Om 9 0) meand Oo, 4.6 m( 2h) 
47: i/o Oee OF Oi wo elo eGewic fine Soliftting 
(3H) eee Ese GLa) 

A pressure dependency study was Carried, out by 
thermolyzing 40 Hee Opa teat rerent, Iniilalspressures . 
The pecdugtl disteributionsopsesyed mS sin Table Vv, which in- 
dicates that there is no significant variation with pressure. 

Pyrazcline 41 was thermolyzed at 160.25° for 10 
min. Care was taken to transfer all products completely to a 
sample tube and an nmr was taken. It was LOUNGE le te oO i 
41 had converted. 45% was identified as methylenecyclo- 
propane 46, 52 eWas»ldentuziiedsas ae) and 5% as the tautomeric 
2-pyrazolines. No other peaks could be detected, such as peaks 
of 40. The nmr spectrum is shown in Figure 5. 

Pyrazoline al was, Lhemmolyzed at 211.7792 tor more than 
12 half lives to check the eqvilibrium distribution against the 
value calculated by Chesick's data (12). The observed ratio of 


46:47 was 40:60, calculated was 44:56. 
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Appendix 
Individua mGLesu les Orethe pLroauct studies of 
3-methyl-4-methylene-l-pyrazoline (40) and 


4-ethylidene-l-pyrazoline (41). 
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